Abstract
reflector should be in motion, a kinetic energy, after a reflection, but the paper indicated the reflector should not be in motion as kinetic energy cannot be gained per the conservation of energy.
The current paper will continue the research and show how energy and momentum is conserved, from both a reflector and sources perspective, by using the Quantum Behavior of atoms and molecules and modified concepts of General Relativity (GR), while maintaining the use of the Doppler Factor. The results of this current paper will indicate changes to current beliefs of a reflection and will suggest an experimental apparatus that can used to confirm or challenge current beliefs. Only parallel vectors will be used in this paper, for simplicity. As the current paper is only an introduction of the Quantum Behavior of atoms and molecules and modified concepts of GR to a reflection, performing the suggested experiment is beyond the scope of the current paper.
Emitted Energy and the Einstein Field Equations
When a source emits a photon, the photon has an energy hfs, a momentum h/λs, and a space-time geometry Gμν, where Gμν is calculated from the energy-momentum tensor, Tμν [4] . That is,
This space-time geometry would also be observed by a reflector, when both source and reflector are in the same reference frame. However, if a reflector is in motion and requires the photon to be at an energy hfr, for a reflection, then the source would need to emit a photon energy of
due to the Doppler Factor, where β is the velocity of the reflector from the sources perspective divided by the speed of light. As a result, per Equation (1), the space-time geometry of the photon, from the sources perspective, would also change. That is, the emitted photon from the sources perspective would have a space-time geometry of Rμν, and the space-time geometry from the reflectors perspective would be Gμν.
However, for this paper, the space-time geometry observed by the reflector will be the same space-time geometry the source observes, Rμν, as this will be necessary, as will be shown, for balancing the conservation of energy and momentum.
Reflector Physical Description
To facilitate the discussion in this paper the physical characteristics of a reflector may be necessary. A reflector is composed of atoms and molecules, where one side of a reflector absorbs then emits photons, a reflection, in the opposite direction of the original photon. The other side of the reflector does not absorb or emit photons.
,
Energy and Momentum of a Non-Moving Source
According to Quantum Theory [5], when an atom or molecule within the reflector absorbs a photon the atom or molecule is in an excited state, where the electron is at a higher energy level and is equal to the energy of the photon. For the atom or molecule to be in motion both momentum and energy must be conserved. As there is no excess energy for the atom or molecule to be in motion after absorption, then the momentum of the photon must be changed to momentum within the atom or molecule, similar to the way a photons energy changes to an electrons excited energy state within an atom or molecule. Further, the direction of the momentum, prior to absorption, does not affect the excited state after absorption. For this paper, there is no excess momentum to cause motion of the atom or molecule, as the momentum from the photon is absorbed into the atom or molecule.
After a photon is absorbed, the photon energy and momentum remains in the atom or molecule for time τ, the decay time. That is; the time it takes for the atom or molecule to be in this excited state; from absorption to emission. During this time, the side of the reflector that absorbs and emits the photon is in a higher energy state, where there is a small increase of the space-time geometry according to the Einstein Field Equations. As a result, a small acceleration occurs for time τ for each atom or molecule that absorbs a photon.
Energy and Momentum of a Moving Source
If a moving source emits a photon energy as indicated in Equation (2), but the reflector observes a spacetime geometry of Rμν, the space-time geometry observed by the source, this would indicate to the reflector there will be more or less energy and momentum associated with the photon than what will be absorbed.
For a source moving away from a reflector, the enlarged space-time geometry, from the reflectors perspective, indicates there is an excess energy of
and an excess momentum of
pointing toward the reflector.
For a source moving toward a reflector the β values would be negative, so the energy value would be less than what is required to excite the atom or molecule. From the reflectors perspective, equations (3) and (4) are still used but the energy would be negative with the momentum pointing in the direction of the incoming photon.
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As in a non-moving source, after absorption, there would be an enlarged energy state on the reflection side of the reflector for time τ, resulting in an acceleration for the atoms or molecules that absorbed a photon.
Emission for a Non-Moving and Moving Source
After emission, the energy state and momentum within the atom or molecule are return to its state prior to absorption. The momentum of the photon contains a direction; however, this direction has no effect on the energy state and momentum within the atom or molecule after emission. As the emitted photon has the same energy and momentum as the excited state of the atom or molecule, there would be no excess for motion. Further, as there is no more excited state, the space-time geometry of the atom or molecule returns to the geometry prior to absorption.
After the emission, the reflector emits and observes a photon with an energy, momentum, and space-time geometry of hfr, h/λr and Gμν, respectively, where the momentum is pointing toward the source. The source would observe an energy and momentum of molecule, equations (3) and (4). Equations (3) and (4) apply to a moving source and a non-moving source, as the results of a non-moving source would be zero.
Necessities for Energy and Momentum Conservation
The reasoning and analysis provided in his paper shows energy and momentum as conserved. However, for the conservations to uphold the following was used and, to the author's knowledge, has not been considered in laser-driven light sailing or solar sailing.
(a) The space-time geometry associated with the photon at the source is maintained with the photon despite observers or reflectors relative motion.
(b) The energy and momentum of an absorbed photon becomes the energy and momentum within the atom or molecule, leaving no excess of energy and momentum.
(c) The direction of the photon's momentum, when absorbed in an atom or molecule, does not impact the excited state of the atom or molecule.
(d) The energy and momentum of an emitted photon originates from the energy and momentum within the atom or molecule, leaving no excess of energy and momentum.
(e) The direction of the photon's momentum, when emitted from an atom or molecule, does not impact the state of the atom or molecule after emission.
(f) Despite absorbed energy and momentum of a photon, the space-time geometry of the photon determines the excess or deficiency of the actual energy and momentum of a photon.
For (e) above, the direction of the photon is engineered, via the reflector, to emit in a certain direction.
However, only the state of the careful placement of molecules, after an emission, is affected. That is, the molecule decreases to a lower state only.
Discussion
Current beliefs for motion of a reflector in laser-driven light sailing and solar sailing do not consider individual events, such as a photons energy and momentum changing to energy and momentum within an atom or molecule, and energy and momentum within an atom or molecule changing to a photons energy and momentum. By not considering the individual events, the conservation laws were not satisfied for both the source and reflector. However, by considering the individual events, as what was done in this paper, the conservation laws are satisfied between each event.
In a previous paper [1] , it was determined motion due to a reflection was a result of the Doppler Shift.
However, the balancing of the energy and momentum in the current paper indicates limitations in the energy of a reflector.
Fig. 1:
A plot of β (X-axis), and the excess energy, in hfr, of a single atom or molecule applied to a reflector (Y-axis), when a source is moving away from a reflector. This plot indicates that the velocity of the source must be at approximately 0.8 times the speed of light for the reflector to be twice the energy of a single photon. Current beliefs indicate that twice the momentum of a photon [6, 7] , at minimum, will be applied to reflector despite the speed or direction of the source.
A Proposed Experimental Test for Verification
Though the conservation of energy and momentum are balanced, the direction of motion of the atom or molecule, during absorption, is inconsistent with current beliefs and practices. That is, when a source and reflector are moving towards each other, this result in a reflector increasing its velocity towards the source, according to the viewpoint presented in this paper. However, current beliefs, such as Doppler
Cooling [8] , indicate the atom or molecule would slow down in this same situation. A test to determine the actual direction of a reflector due to a reflection, from a moving or non-moving source, can be performed as follows:
Engineered Molecule: A molecule would need to be engineered that can align in a magnetic field in a way that will cause a photon to emit vertically, where the location on the molecule where the photon emits from will contain an unoccupied energy state in the environment where the molecule will be used, unless stimulated by the experimental setup.
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Magnetic Field: A magnetic field will cause the molecule to orbit an apparatus, where sensors to detect the molecule and photon will be above and below the path the molecule follows. The magnetic field will need to be designed to not be strong enough to maintain the molecule in the magnetic field if a vertical momentum of the molecule is above a threshold.
Source:
The path of the photons from the source, which is either moving away or towards the molecule, to the molecule must be unperturbed. This is because, for example, funneling, reflecting or re-directing of the photons will cause the space-time geometry of the photons to change to the space-time geometry of a non-moving source. This will cause the molecule to not move from the magnetic field.
Further, this experimental setup may also determine the effect of the increased space-time geometry on the molecule for a non-moving source during the time the photons energy and momentum are in the molecule. This can be done by decreasing the threshold that holds the molecule in the magnetic field.
